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Summary 

Background During the baseline period of a clinical trial comparing different dosage schedules of 
inhaled steroids, asthmatic children (aged 6-10 years) were expected to meet the inclusion criterion of 
airways hyper-responsiveness (PD 20 methacholine < 80 pg) after withdrawal of inhaled corticoster¬ 
oids for 2-8 weeks. However, many children failed to do SO. 

Objective It has been shown that young wheezing children may outgrow their symptoms. We 
investigated if differences between children with and without airways hyper-responsiveness after 
withdrawal of inhaled corticosteroids were compatible with differences between transient and 
persistent wheezers found in other studies. 

Methods Seventy-eight children entered the study, of which 41 developed airways hyper¬ 
responsiveness after withdrawal of inhaled corticosteroids, and 37 did not. These two groups of 
children were compared with respect to differences in demographic, clinical, and immunological 
features (IL-4, IL-5, IL-10, and IFN-y produced by Con A stimulated peripheral mononuclear cells 
(PBMCs) and serum IL-4, IL-S and soluble intercellular adhesion molecule-1 (sICAM-l)). 

Results Hyper-responsive children had more atopic features (positive RAST, high IgE, eczema), 
lower levels of FEVi and lower concentrations of sICAM-l than non-hyper-responsive children. 
Apart from a borderline significantly higher IL-4 production in the hyper-responsive group, other 
immunologic parameters were comparable. Multivariate logistic regression analysis showed that 
high serum IgE, low FEV,, and low sICAM-l levels were independently associated with the presence 
of airways hyper-responsiveness after stopping inhaled corticosteroids. Atopy was associated with 
higher concentrations of TL-4 in the hyper-responsive group. 

Conclusion After withdrawal of inhaled corticosteroids many children previously diagnosed with 
asthma did not develop airways hyper-responsiveness. We conclude that hyper-responsive children 
share features with persistent wheezers as found in previous studies, whereas the non-hyper- 
responsive children may represent transient wheezers. 
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Introduction 

Airways hyper-responsiveness is one of the cardinal features 
of childhood asthma [1]. In population surveys, children with 
mild asthma symptoms may not be hyper-responsive to bronch- 
oconstrictor stimuli [2,3], In contrast, airways hyper- 
responsiveness is observed almost invariably in hospital-based 
studies of school-aged asthmatic children [4-6], As airways 
hyper-responsiveness shows pronounced and prolonged 
improvement during long-term treatment with inhaled 
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corticosteroids, it is commonly used as an end-point in trials 
assessing effects of these drugs in this age group [5-8], 

When we designed a long-term clinical study comparing 
effects of different dosage schedules of inhaled corticosteroids 
in school-aged children with asthma, wc aimed to include pa¬ 
tients with moderate to severe airways hyper-responsivencss. 
To our surprise, approximately half of the recruited asthmatic 
children did not show airways hyper-responsiveness after with¬ 
drawal of inhaled corticosteroid therapy and many of these 
children remained symptom-free [9]. We hypothesized that 
these non-hyper-responsive children after withdrawal of inhaled 
corticosteroids represented non-atopic transient wheezers, 
whereas hyper-responsive children would reflect atopic persist¬ 
ent wheezers [10]. This study was designed to test that hypoth¬ 
esis. Children with and without airways hyper-responsiveness 
after withdrawal of inhaled corticosteroids therapy were 
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examined for differences in demographic, clinical, and immuno¬ 
logical features. 


Methods 

Patients 

Seventy-eight children, aged 6-10 years, with a history of recur¬ 
rent troublesome wheezing, severe enough in the past to be 
treated with inhaled corticosteroids (at that time diagnosed as 
‘asthma’) entered the baseline period of a long-term clinical trial 
comparing two different dosage schedules of inhaled cortico¬ 
steroids in childhood asthma [11]. Patients were treated for 
6 weeks with fluticasone propionate (FP) 100pg twice daily via 
a dry powder inhaler (Diskhaler®, GlaxoWellcome Zeist, the 
Netherlands), followed by a wash-out period of 2-8 weeks 
during which no inhaled corticosteroids or other anti¬ 
inflammatory drugs were allowed, but only salbutamol via 
Diskhaler® (200fig) on demand. During the wash-out period, 
patients returned to the clinic every 2 weeks (or earlier when 
asthmatic symptoms worsened) for measurement of airways 
hyper-responsiveness. We expected most children to develop 
airways hyper-responsiveness after withdrawal of inhaled 
corticosteroids but to our surprise, 37 (47%) showed no airways 
hyper-responsiveness 8 weeks after withdrawal of inhaled corti¬ 
costeroids (non-hyper-responsive children). The remaining 41 
children (53%) did show airways hyper-responsiveness (hyper- 
responsive children). 

Questionnaire 

A questionnaire was used to obtain data on birth weight, ma¬ 
ternal smoking during pregnancy, infant feeding practices, age 
of onset and duration of asthmatic symptoms, duration of 
inhaled corticosteroid use, family composition, personal history 
of eczema, the presence of furry pets, and smoking in the 
household. 

Diary 

During the run-in and w ash-out period, patients kept a diary of 
symptom scores and recorded peak expiratory' flow (PEF) twice 
daily. All patients received a new Mini Wright® PEF meter 
(Clement Clarke, Hartlow, UK) and standardized instructions 
on how to use it. PEF variation was expressed as low% high (the 
lowest PEF value observed over the recording period expressed 
as a percentage of the highest value obtained during that period) 
[ 12 ]. 

hung function 

Expiratory flow-volume curves were obtained with a Jaeger 
Masterlab pneumotachograph (Eric Jaeger GmbH, Wurzburg. 
Germany) according to the guidelines of the European Respira¬ 
tory Society [13], 

Methacholine challenge 

Methacholine challenge was performed using a dosimeter 
method [14], Briefly, methacholine was nebulized with a DeVil- 
biss 646 nebuliser attached to a Rosenthal-French dosimeter. 
Inhaled doses were doubled from 3.0 to 1565 pg. Three minutes 
after each dose, FEVi was measured, and the test was stopped 
when FEVi had fallen by 20% or more or when the highest 


concentration of methacholine had been nebulized. PD 2 o 
methacholine was determined by linear interpolation. 

Atopy 

Blood was drawn at the end of the wash-out period (when 
children did not use inhaled corticosteroids) for eosinophil 
counts, total and specific IgE to house dust mite, grass and 
tree pollen, cat and dog dander, determined by the Pharmacia 
MasterCap analysis (Pharmacia & Upjohn, Uppsala, Sweden) 
according to the protocol of the manufacturer, with a range in 
IgE of 2-2000 U/mL, Values above 2000 UtmL were further 
quantified by dilution. 

Nitric oxide in exhaled air 

Nitric oxide in exhaled air (eNO) was measured with a chemilu¬ 
minescence analyser (Eco Physics, Basel, Switzerland) using a 
tidal breathing method [15]. Exhaled air was collected in a 40-L 
polyethylene Douglas bag, and continuously sampled for eNO 
content. A plateau phase of eNO was reached between 4 and 
6 min. The mean concentration of this plateau was recorded in 
parts per billion (p.p.b). 

Laboratory measurements 

Laboratory measurements were performed as described previ¬ 
ously [16], Briefly, lOmL diluted blood was layered on a 4 
Lymphoprep solution (Nycomed Pharma A S., Oslo, Norway, 
density of 1.077g/mL) in a polypropylene tube. Peripheral 
blood mononuclear cells (PBMCs, 1*10® cells/mL in RPMI- 
1640 medium plus 10% FCS) were cultured in a 24 wells plate 
(Costar, Badhoevedorp, The Netherlands), and were activated 
with lOpg Concanavalin A (Sigma Alderich Chemie B.V., 
Zwijndrecht, The Netherlands). The cells were incubated 
for 24 h, 37 “C, 5% C0 2 , followed by centrifugation at 5 90 g, 
10 min in a polypropylene tube, and the supernatant collected 
and stored in polypropylene lubes at — SO °C for further 
analyses. 

Cytokine and soluble intercellular adhesion molecule- 7 

measurements 

Assays for supernatants for IL-4, IL-4 high Sensitive assay (for 
serum), an d soluble intercellular adhesion molecuie-1 (slCA M- 
1) were from R &I3~System5 Europe, Abindon, Uic. Assays for 
IFN-y wer e fronv A mersham-Lil'eSc ier.ce.Rooscndaal. The 
Netherlands! IL-10 from Centraal Laboratorium^Bloedtrans- 
fusie, Amsterdam;—T-he—Netherlands, and - IL-'5 measured 
according to Borger et al. [16,17]. The detection limit was 
0.010 pg/mL and 0.1 pg/mL for IL-4 and IL-5, respectively. 

Concentrations of IL-4, IL-5. IL-10, and IFN-y in serum and 
supernatants of activated PBMCs were determined as described 
above. 

sICAM-1 was only determined in the serum samples. When 
IL-4 and IL-5 were undetectable in the serum, the detection 
limit was used for statistical analysis. 

Statistical analysis 

Statistical analysts was performed using SPSS for Windows, 
version 10.0. Distributions of all different parameters were 
inspected visually by normal probability plots. The Kolmogor- 
ov-Smirnov test was used to formally test distributions for 
normality. Because the distributions of total IgE and eosinophil 


© 2002 BlackweLl Science Ltd, Clinical and Experimental Allergy, 32:1278-1284 


PM3006731131 


Source: https://www.industrydocuments.ucsf.edu/docs/jkvj0001 



1280 M. J. Visser el al. 


counts were skewed, analyses were performed on log 1() - 
normalized data. Student’s /-test or Mann Whitney tZ-test 
were used if appropriate. The x 2 test was used to test differences 
in proportions. 

Multivariate logistic regression analysis was performed on 
the following variables to assess their association with airways 
hyper-responsiveness and atopy: breastfeeding (more than three 
months), maternal smoking during pregnancy, birth weight, 
family history, presence of eczema, presence of furry pets, pres¬ 
ence of older siblings, duration of use of inhaled corticosteroids, 
mean daily dose of inhaled corticosteroids, more than one 
positive RAST test, log IgE, eosinophil counts, FEVi, MEF50, 
Ln IL-4 (PBMCs), L 11 IFN-y (PBMCs), Ln sICAM-1 (serum), 
and log lL-4/log IFN-y (both PBMCs). Both analyses were 
performed with adjustment for age, sex, and height. Two- 
sided P-values < 0.05 weTe considered to be statistically signifi¬ 
cant. Confidence intervals (Cl) for differences between medians 
were calculated using confidence interval analysis. 

Ethics 

The protocol of the study was approved by the medical ethics 
committee of the University Hospital Groningen and written 
informed consent was obtained from all parents or guardians of 
the participating children. 


Results 

Patients 

Characteristics of hyper-responsive and non-hyper-responsive 
children are presented in Tables 1 and 2. Hyper-responsive 
children were more likely to have a history of eczema (Table 
1), had higher concentrations of serum IgE (Table 2 and Fig. la) 
and were more likely to have more than one positive RAST test 
compared to non-hyper-responsive children. Hyper-responsive 
children had higher concentrations of eNO than non¬ 
hyper-responsive children (Table 2). Presence of a furry pet 
was more common in non-hyper-responsive children (Table 1). 

Lung function 

Hyper-responsive children had significantly lower FFV,, 
MEF 50 and PEF values than non-hyper-responsive patients 
(Table 2 and Fig. lb). No significant difference in PEF- 
variation was found between the two groups. 

Immunological parameters, serum 

IL-4 was detectable in the serum of 22 hyper-responsive chil¬ 
dren (54%) and in 13 (35%) non-hyper-responsive children, 
without a significant difference between the two groups 


Table 1 . Demographic characteristics of the children with and without airways hyper-responsiveness 



PDso < 80gg (n = 

41) PD 20 > 80 gg [n = 37) 

P* 

Age at study entry (years) 

8.2 (1.1) 

8.2 (1.2) 

0.97 

Male (%) 

58.5 

45.9 

0.27 

Height (cm) 

131.4 (7.9) 

133.2 (9.8) 

0.41 

Breastfeeding > 3 months {%) 

73.7 

64.7 

0.56 

Maternal smoking during pregnancy (%) 

17.6 

21.9 

0.67 

Birth weight in gf 

3375 (1670—4500) 

3525(1420-4500) 

0.26 

Age at first wheezi ng episode in yearst 

1.8(0.1-7.0) 

1.7 (0.1-9.0) 

0.31 

Family history {%) 

51,3 

51.4 

0.10 

Presence of eczema {%) 

79.5 

56.8 

0.03 

Presence of furry pet (%) 

18.9 

40.0 

0.049 

Older siblings (%) 

65.6 

64.7 

0.94 

Duration of inhaled corticosteroids (years) 

2.6 (1.4) 

2.6 (1.9) 

0.95 

Mean daily dose of inhaled corticosteroids (pg/day) 370 (108) 

344 (102) 

0.27 

•Student's f-test, Mann-Whltney U- test, or 
median (range: t)- 

X 2 test as appropriate. Values 

are presented as mean values (SD) 

or as 

Table 2. Laboratory and lung function characteristics of the children with and without airways hyper-responsiveness 


PDjo < 80gg (n=41) 

PD 2 o > 80 pg (n = 37) 

P- 

IgE (kU/L)t 

407 (32-3980) 

166 (2-50111 

004 

> 1 RAST (%)( 

82.1 

57.1 

D.02 

RAST house dust mite + (%) 

76.9 

48.6 

0.01 

Eosinophil counts (1*t0 9 /L)f 

0.65 {0.13-2.34} 

0.48 (0.10-2.10) 

0.10 

Exhaled NO (p.p.b.) 

17.5(3-30) 

11.0 (4-21) 

0.01 

F6V, (L) 

1.47(0.74-2.47) 

1.64(0.72-2.50) 

0.01 

FEV, (%pred.) 

91.0 (44.0-123.0) 

104.0(93.0-129.0) 

0.04 

Lowest PEF as % of highest 

72.5 (36.4-69.3) 

75.0 (41.2-93.3) 

0.40 

LU 

2 

1.47 (0.40-2.45) 

2.00 (0.27-3.06) 

0.001 

MEFso (%pred.) 

58.6 (17.1-121.6) 

81.5(12.2-148.5) 

0.005 

Mean morning PEF (L/min) 

197 (113-287) 

224 (79-347) 

0.003 


Values are presented as median (range). 'Mann-Whitney (Z-tesI or test as appropriate, -flgE and eosinophil counts are 
presented as geometric mean (range), I RAST test was considered positive when the result read class 2 or higher. 
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(a) 


I0E 


Hyper- responsiveness 



Atopy 


(b) 


FEV, % predicted 



(C) 


sICAM-i (serum) 


P<0.01 



Hyper-responsiveness Atopy 


(d) Log IL-4/log INF-y (PBMCs) 



Flg.1. Differences between children with (PD^ < 80 ug) and without (PD 20 > BO^g) airways hyper-responsiveness, and with ( > 1 RAST) and without 
atopy (< 1 RAST). (a) IgE concentration, (b) FEV,% predicted, (c) slCAM-1 in serum, and (d) ratio of log IL-4 and log IFN-y. 


(Table 3), No significant difference was found either when only 
the detectable concentrations of serum IL-4 were analysed. 

Serum 1L-5 was detectable in 23 children (56%) with and in 19 
(51%) without airways hyper-responsiveness, and no difference 
was found between the groups (Table 3). No significant differ¬ 
ences were found when analysing only the detectable con¬ 
centrations of serum IL-5. sICAM-1 was detectable in all 
children and was significantly lower in the group with a 
PD 20 < 80 pg compared to the group with a PD 2O = 80pg 
(Table 3 and Fig. lc). 


Relationship of P0 20 with supernatants of Con A stimulated 
PBMCs 

IL-4, IL-5, IL-10 and IFN-y were detectable in supernatants of 
Con A stimulated PBMCs of all participants (Table 3). There 
was a borderline significant difference between children with 
and without airways hyper-responsiveness for IL-4 (Table 3). 
Otherwise, no significant differences were found (Table 3 and 
Fig. Id). 


Relationship ofPD 20 with allergy, lung function and 
demographic markers 

Multivariate logistic regression analysis showed that the inde¬ 
pendent significant predictors of airways hyper-responsiveness 
(adjusted for age, sex, and height) at age 8 years were: 
> 1 RAST, presence of eczema, log IgE, Ln IL-4 in Con A 
stimulated PBMCs, Ln sICAM-1 in serum, presence of furry 
pets, MEF; 0 , and FEVi (Table 4). 


Atopy 

Since the prevalence of atopy was higher in the group of hyper- 
responsive children, we hypothesized that the observed higher 
IL-4 level in the hyper-responsive children (Table 3) was due to 
atopy. We therefore analysed differences between atopic and 
non-atopic children separately (atopy defined as > 1 positive 
RAST). Atopic children had significantly higher serum IgE 
levels than non-atopic children (Fig. la), and significantly 
higher eosinophil counts as well (mean 0.67*10 9 /L, range 
0.19-2.37*10^ vs. 0.30*10 S /L, 0.10-L31*10 9 /L, PcO.OOl, 
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Table 3. Immunologic characteristics of asthmatic children with and without airways hyper-responsiveness 



PDjo < 80 pg (n = 41) 

POa, > 80|ig(n = 37) 

P* 

In serum 

IL-4 (pg/mL) 

0.042 (0.010-5.13) 

0.010 (0.010-2.66) 

0.29 

IL-5 (pg/mL) 

0.66 (0.10—19.72) 

0.77 (0.10-10.23) 

0.68 

sICAM-1 (ng/mL) 

290.8 (213.6—441.0) 

326.6 (133.2-661.0) 

0.006 

In supernatant from stimulated PBMCs 

IL-4 (pg/mL) 

36.94 (6.87-200.60) 

33.49 (11.44-76.76) 

0.07 

IL-5 (pg/mL) 

210.6 (32.6-730.2) 

226.8 (36.3-646.5) 

0.85 

IL-10 (pg/mL) 

307.9 (31.0-1165.0) 

315.25 (9.9-744.6) 

0.45 

IFN-y (pg/mL) 

276.60 (30.B4—1762.00) 

249.50 (38.93-800.20) 

C.57 

log IL-4/log IFN-y 

0.65 (0.38-1.37) 

0.64 (0.42-0.82) 

0.25 


Values are presented as median values (range). *Mann-Whitney 12-test. 


Table 4. Multivariate logistic regression analysis with airways hyper¬ 
responsiveness and atopy as dependent variables, for all independent 
variables separately (adjusted for age. sex and height) 



Methachol ine-positive 
(PD 20 < 80 ng, /7 = 41) 
Odds ratio (95% Cl) 

Presence of atopy 
(> 1 RAST, n = 52) 
Odds ratio (95% Cl) 

Breastfeeding >3month 
Maternal smoking during 

1.55 (0.35—6.71) 

3.28 (0.40-26.84) 

pregnancy 

0.79 (0.22-2.75) 

1.26 (0.30-5.21) 

Birth weight 

0.99 (0.99-1.00) 

0.99 (0,99-1.00) 

Family history 

1.03 (0.40-2.59) 

0.40 (0.13-1.22) 

Eczema 

2.84 (1.01-7.97)* 

4.75 (1.49-15.08)** 

Furry pet 

0.31 (0.10-0.96)* 

0.66 (0.20-2.16) 

Older sibling 

1.27 (0.41-3.90) 

1.49 (0.42-5.31) 

Duration oi ICSf 

0.96 (0.72-1.27) 

0.82 (0.59-1.12) 

Mean daily dose ICSf 

1.00 (0.99-1.00) 

1.00 (0.99-1.00) 

> 1 RAST 

3.09(1 03-9.21)* 

n.a. 

Presence of PD^, 

n.a. 

3.10(1.04-9.26)’ 

IgE 

2.26 (1.03-4.95)* 

26.28 (5.31-129.90)’** 

Eosinophil counts 

3.68 (0.79-17.14) 

53.37 (5.53-514.68)** 

FEV! 

0.098 (0.016-0.58)* 

0.15 (0.022-1.15) 

MEFjg 

0.19 (0.072-0.53)** 

0-65(0.26-1.60) 

IL-4 (PBMC) 

2.38 (1.02-5.53)* 

1.64(0.67-4.02} 

IFN-y (PBMC) 

1.73 (0.62-4.83) 

0.53(0.20-1.41) 

stCAM-1 (serum) 

0.074 (0.007-0.73)* 

0.33 (0 027-4 07) 


•P < 0.05; "P < 0.01; *"P < 0.001. tlnhaled corticosteroids; n.a. rot 
applicable IgE, eosinophil counts, IL 4, IFN-y and slCAM-1 -values are 
logarithmically transformed in order to obtain a normal distribution. 


respectively). No differences in FEV|% predicted levels were 
found between the atopic and non-atopic children (Fig. lb). 

Atopic and non-atopic children did not differ significantly 
with respect to sICAM-1 levels (Fig. lc), or serum IL-4 levels. 

Levels of IL-4 from Con A stimulated PBMCs were higher in 
atopic children than in non-atopic children (median 36.0 pg/ 
mL, range 6.9-127.1 pg/mL vs. 25.6pg/mL, 11.4-200.6pg/mL, 
respectively, P — 0.06). The ratio of log IL-4/log IFN-y was 
significantly higher in the atopic group compared to the non- 
atopic (P = 0.03, Fig. Id). 

Multivariate logistic regression analysis with atopy as the 
dependent variable was performed on the same independent 
parameters as used with airways hyper-responsiveness. 


Independent significant predictors associated with atopy 
(adjusted for age, sex, and height) at age 8 years were: eosino¬ 
phil counts, IgE, presence of eczema, and presence of airways 
hyper-responsiveness (Table 4). No immunologic parameter 
contributed to atopy. 


Discussion 

This study examined children who had been using inhaled 
corticosteroids for years because of recurrent troublesome 
wheezing. After withdrawal of inhaled corticosteroids, 53% 
were hyper-responsive and 47% were non-hyper-responsive, 
and most children were symptom-free. The most important 
factors associated with airways hyper-responsiveness after 
withdrawal of inhaled corticosteroids were high serum IgE 
level, a history of eczema, low level of FEV), and low serum 
sICAM-1 level. 

It is surprising that about half of the children did not show 
airways hyper-responsiveness after withdrawal of inhaled cor¬ 
ticosteroids. All children had been referred to our University 
Hospital outpatient clinic because of troublesome recurrent 
wheezing which, at that time, was diagnosed as asthma, and 
required treatment with inhaled corticosteroids. Several reports 
have shown that airways hyper-responsiveness improves after 
therapy with inhaled corticosteroids [5,6,18,19]. Usually, 
cessation of inhaled corticosteroids in childhood asthma is 
accompanied by a deterioration of asthma symptoms and 
hyper-responsiveness [20,21], Our findings can not be explained 
by differences in duration and dose of inhaled corticosteroids 
between hyper-responsive and non-hyper-responsive children 
(Table 1). The most likely explanation for our results therefore 
is that the non-hyper-responsive children had transient wheeze 
in retrospect, and that the non-hyper-responsive children reflect 
persistent wheezers. The observations that the hyper-responsive 
children in our study were more likely to be atopic (reflected by 
the presence of eczema (Table 1), higher IgE levels, positive 
RAST tests), and had elevated eNO levels, and lower levels of 
lung function (Table 2), are in accordance with this hypothesis 
[4,10,22,23]. 

After withdrawal of inhaled corticosteroids, hyper- 
responsive children had significantly lower levels of lung func¬ 
tion compared to the non-hyper-responsive children. In 
addition, FEV, was a significant independent factor associated 
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with the presence of airways hyper-responsiveness in our group 
of children. This is also in accordance with population studies, 
showing that persistent wheezers at the age of 6 years had 
lower levels of lung function compared to transient wheezers 
[10]. These persistent wheezers also had airways hyper¬ 
responsiveness at the age of 11 years [22]. Taken together, our 
findings support the hypothesis that there are at least two types 
of childhood wheezing with different outcome: one with and 
one without airways hyper-responsiveness at later age, and that 
the presence of airways hyper-responsiveness is associated with 
high concentrations of IgE and lower levels of lung function. 

Furry pets were less likely to be present in households with 
hyper-responsive children compared to households of non- 
hyper-responsive children (Table 1). This finding remained 
significant even after adjusting for atopy, family history, and 
lung function (Table 4). This suggests that keeping pets may 
protect against developing airways hyper-responsiveness 
[24,25], Alternatively, it may be due to selection bias (‘healthy 
child effect’). 

Strong evidence supports the concept that the development of 
asthma and allergy is associated with a Th2 skewing of the 
immune response [26], Compatible with this Th2 skewing, 
recent studies have shown elevated concentrations of IL-4 and 
IL-5, and/or reduced concentrations of IFN-y in children with 
asthma and eczema compared to healthy controls [16,27-29], In 
this study, hyper-responsive children had more features of 
atopy compared to the non-hyper-responsive children. There¬ 
fore, we expected to find higher concentrations of IL-4 and IL-5 
in scrum or in PBMC-stimulated supernatants, and/or lower 
concentrations of IL-10 and IFN-y in the hyper-responsive 
children. Indeed, there was a borderline significant difference 
for IL-4 in Con A stimulated PBMCs with higher concentra¬ 
tions for the hyper-responsive group. We could not, however, 
demonstrate significant differences in IL-4 (serum) and IL-5 
(both in serum and Con A stimulated PBMCs). This could not 
be explained by differences in undetectable levels of these two 
cytokines. Tang and coworkers found elevated IL-4 and re¬ 
duced IFN-y levels in atopic asthmatic children when compared 
to healthy controls, but not in non-atopic asthmatics [30]. In 
accordance with this, atopic children in our study had higher 
IL-4 (PBMC) levels and higher IL-4/IFN-y ratios than non- 
atopic children (Fig. Id). A trend towards the same difference 
was apparent when comparing atopic and non-atopic hyper- 
responsive children. It thus appears that Th2 skewing is 
associated with atopy and not associated with airways hyper- 
responsiveness [16,30]. 

Membrane bound ICAM-1 is an adhesion molecule neces¬ 
sary for cell-cell adhesion at inflammatory sites. sICAM-1 is 
thought to be derived through shedding of membrane bound 
ICAM-1, apparently by proteolytic cleavage [31], We are the 
first to show that concentrations of sICAM-1 in serum are 
significantly associated with airways hyper-responsiveness 
(Tables 3 and 4, Fig. lc). Similar concentrations of sICAM- 
1 in atopic and non-atopic children were found, indicating that 
sICAM-I is not associated with atopy. One previous study 
showed no difference in sICAM-1 levels between healthy and 
asthmatic children (independent of atopy) [32], but other 
workers found elevated concentrations of sICAM-1 in asth¬ 
matic children compared to non-asthmatic controls, both 
when the disease was stable and during an exacerbation 
[33,34]. It has been suggested that sICAM-1 may block cell-cell 


interactions, hampering inflammatory responses [35]. Thus, low 
sICAM-1 concentrations may facilitate inflammation and 
airways hyper-responsiveness. 

In summary, children with airways hyper-responsiveness 
after withdrawal of inhaled corticosteroids share features with 
persistent wheezers as observed in epidemiologic studies, in¬ 
cluding atopy (i.e. higher levels of serum IgE) and a lower 
level of lung function. Our results show that Th2 skewing, as 
represented by levels of IL-4 and IFN-y produced by PBMCs, 
reflects the presence of atopy rather than that of hyper¬ 
responsiveness. In contrast, airways hyperresponsiveness and 
not atopy was associated with lower sICAM-1 levels, possibly 
reflecting airway wall inflammation. The large degree of overlap 
in serum IgE, cytokine levels and lung function parameters 
between the two groups, shows that these parameters are 
not useful in predicting which child will or will not develop 
airways hyper-responsiveness after withdrawal of inhaled 
corticosteroids. 

A considerable proportion of children diagnosed with and 
treated for asthma from a young age onwards did not have 
airways hyper-responsiveness after withdrawal of inhaled cor¬ 
ticosteroids. This emphasises the need to stop or at least reduce 
inhaled corticosteroids in young children to the lowest effective 
dose. 

The challenge still is to find a specific and sensitive diagnostic 
tool that helps to discriminate between transient wheezers, in 
whom inhaled corticosteroid therapy can be withdrawn, and 
persistent wheezers in whom this is not possible. Our results 
suggest that cytokine levels from peripheral blood are unlikely 
to be useful for that purpose. 
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